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We determine nuclear structure functions and quark distributions for ^Li, ^^B, ^^N and ^^Al. For 
the nucleon bound state we solve the covariant quark-diquark equations in a confining Nambu-Jona- 
Lasinio model, which yields excellent results for the free nucleon structure functions. The nucleus 
is described using a relativistic shell model, including mean scalar and vector fields that couple to 
the quarks in the nucleon. The nuclear structure functions are then obtained as a convolution of 
the structure function of the bound nucleon with the light-cone nucleon distributions. We find that 
we are readily able to reproduce the EMC effect in finite nuclei and confirm earlier nuclear matter 
studies that found a large polarized EMC effect. 
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I. INTRODUCTION 

One of the greatest challenges confronting nuclear 
physics is to understand how the fundamental degrees 
of freedom - the quarks and gluons - give rise to the 
nucleons and to inter-nucleon forces that bind nuclei. 
Quark models such as the quark-meson coupling model 
(QMC) [1-3] in which the structure of the nucleon is 
self-consistently modified by the nuclear medium, can 
be re-expressed in terms of local effective forces which 
closely resemble the widely used and successful Skyrme 
forces [4, 5]. While this opens the possibility to describe 
the low energy nuclear structure in terms of quark degrees 
of freedom, it is also important to identify phenomena 
which provide explicit windows into quark-gluon effects 
in nuclei. Probably the most famous candidate is the 
EMC effect [6-8], which refers to the substantial deple- 
tion of the in-medium spin-independent nucleon struc- 
ture functions in the valence quark region, relative to the 
free structure functions. 

Considerable experimental and theoretical effort has 
been invested to try to understand the dynamical mech- 
anisms responsible for the EMC effect. It is now widely 
accepted that binding corrections at the nucleon level 
cannot account for the observed depletion and a change 
in the internal structure of the nucleon-like quark clus- 
ters in nuclei is required [9-11]. Although the EMC effect 
has received the most attention, there are a number of 
other phenomena which may require a resolution at the 
quark level, such as the quenching of spin matrix ele- 
ments in nuclei [12] and the quenching of the Coulomb 
sum-rule [13, 14]. Important hints for medium modifica- 
tion also come from recent electromagnetic form factor 
measurements on ^He [15, 16], which suggest a reduc- 
tion of the proton's electric to magnetic form factor ratio 
in-medium. Sophisticated nuclear structure calculations 
fail to fully account for the observed effect [17] and agree- 
ment with the data is only achieved by also including a 
small change in the internal structure of the nucleon [16], 
predicted a number of years before the experiment [18]. 



The focus of this work is on the medium modifications 
to the nucleon structure functions in nuclei. We calculate 
the nuclear quark distributions explicitly from the quark 
level using the convolution formalism [19]. The quark 
distributions in the bound nucleon are obtained using a 
confining Nambu-Jona-Lasinio (NJL) model, where the 
nucleon is described as a quark-diquark bound state in 
the relativistic Faddeev formalism. The nucleon distri- 
butions in the nucleus are determined using a relativis- 
tic single particle shell model, including scalar and vec- 
tor mean-fields that couple to the quarks in the nucleon. 
This model, which is very similar in spirit to the QMC 
model, has the advantage that it is completely covariant, 
so that one can apply standard field theoretic methods 
to the calculation of the structure functions. Using this 
approach we are readily able to reproduce the EMC ef- 
fect in nuclei. However, the main focus of this paper is 
on a new ratio - the nuclear spin structure function, giAi 
divided by the naive free result - which we refer to as the 
"polarized EMC effect" . 

The formalism to describe deep inelastic scattering 
(DIS) from a target of arbitrary spin was developed in 
Refs. [20, 21]. We focus on results specific to the Bjorken 
limit, expanding on those points necessary for the follow- 
ing discussion. 

When parameterized in terms of structure functions, 
the hadronic tensor in the Bjorken limit has the form 



W, 



JH 



P-q 



^ ""'p'l'^^ 9(SM, (1) 



for a target of 4- momentum P**, total angular momen- 
tum J and helicity H along the direction of the in- 
coming electron momentum. In obtaining Eq. (1) we 
have used a generalization of the Callen-Gross relation, 
P2A — "^^aFia, and ignore terms proportional to 
as the lepton tensor is conserved. We define the Bjorken 
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scaling variable as 

XA=AxA^A,^^, (2) 

so that the structure functions have support in the do- 
main Q < XA ^ A. 

In the Bjorken limit the nuclear structure functions 
can be expressed as 

Fi^ixA) = J24^A [qi'^ixA) + qi^i^A)] , (3) 
giAi^A) = IJ24 [^Qi"{xA)+Aqi"{xA)] , (4) 

Q 

where q represents the flavour and 

qi"ixA)^qi'^ixA) + qifixA), (5) 
Aqi"{xA) = qifixA) - qiU^A), (6) 

are generalizations of the usual spin-i quark distribu- 
tions. The quark distributions, qj^ {xa), are interpreted 
as: the probability to find a quark (of flavour q) with light- 
cone momentum fraction xa/A and spin- component s in 
a target with helicity H. Parity invariance of the strong 
interaction requires q^j^ = 9a-?' that F2A = F^a'^ 
and g^A = ~9iA^ ^^'^ hence there are 2 J + 1 indepen- 
dent structure functions for a spin- J target. 

For DIS on targets with J ^ 1 it is more convenient to 
work with multipole structure functions or quark distri- 
butions [21] rather than the helicity dependent quantities 
discussed above. The helicity and multipole representa- 
tions are related by the following transformations 

F^i''^= E K = 0,2,...,2J, (7) 

H=-J,...,J 

9['J'^= E ^H^'a'J, K=1,3,...,2J, (8) 

H=-J,...,J 

where 

Aj/< = i-iy-" V2K + 1 ^) , (9) 

and (• • •) is a Wigner 3j-symbol. Identical multipole ex- 
pansions can also be defined for the spin-independent and 
spin-dependent quark distributions. Comparing the in- 
verse of these relations with the familiar Wigner-Eckart 
theorem, it is clear that qA^^ and Aq^^^' are reduced 
matrix elements of multipole operators of rank K. 

For nuclear targets the multipole formalism has several 
advantages, these include 

-f 1 F2A J where F2A is the familiar 
spin-averaged structure function. 

• The number and spin sum-rules are completely sat- 
urated by the lowest multipoles, K = and K = 1 
respectively. 



• In a single particle (shell) model for the nucleus, the 
spin saturated core contributes only to the K = 
multipole and all ii" > contributions come from 
the valence nucleons. 

• In all cases investigated in this paper, we find that 
the lowest multipoles, if = for spin-independent 
and K = 1 for spin-dependent, are by far the dom- 
inant distributions. 



II. NUCLEAR DISTRIBUTION FUNCTIONS 

The twist-2, spin-dependent quark distribution in a nu- 
cleus of mass number A, momentum P** and helicity H 
is defined as 

Aqi"{xA) = ^J^e^^-^^--/^ 

{A,P,H\^^{0)j+j,^,{lu-)\A,P,H), (10) 

where ipq is the quark field. To evaluate Eq. (10) we 
express it as the convolution of a quark distribution in 
a bound nucleon, with the nucleon distribution in the 
nucleus [19]. If a shell model is used to determine the 
nucleon distribution, then in the convolution formalism 
Eq. (10) has the form 

Aqi"{xA) = E ^dyAl'dx 

5{XA - VA X) Aqa,K{x) Af^rniVA) , 

^ Y,CZmAq^,AxA), (11) 

a, Km 

where a e {p, n) label the nucleons and the sum over the 
Dirac quantum number k, and jz = m (that is, the oc- 
cupied single particle states) is such that the coefficients 
^a^m guarantee the correct quantum numbers J, H, T 
and for the nucleus. Note, in Eq. (11) a sum over the 
principle quantum number n is implicit. 

The function A/^to(2/a) is the spin-dependent nucleon 
distribution (in the state Km) in the nucleus and is given 

% 

*«m(p) 7"^75*«m(p), (12) 

where is the single particle energy, ^Km{p) are the sin- 
gle particle Dirac wavefunctions in momentum space and 
Mjv = Ma/A is the mass per nucleon. Implicit in our 
definition of the convolution formalism used in Eq. (11) 
is that the quark distributions in the bound nucleon, 
Aqa,K{xA), respond to the nuclear environment. Expres- 
sions for the spin-independent distributions are obtained 
by simply replacing 7"*" 75 with 7+. 
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First wc obtain expressions for the nucleon distribu- 
tions in the nucleus. The central potential Dirac eigen- 
functions have the general form 



(13) 



where F,^ and are the radial wavefunctions in momen- 
tum space and ilsm a-rc the spherical two-spinors. 

Substituting Eq. (13) into Eq. (12) and also the spin- 
independent equivalent we obtain the following expres- 
sions for the single nucleon fc-multipole distributions in 
the nucleus 



UkiVA) = (-1)^'+^ (2i + 1) {2i + 1) V2k+1 



eke 





eke 

3 5 3 



167r3 



dp p 



F.ipf + G^ipf + - (£fc - Mn Va) F^{p)G^{p) 



Mn ua- £\ 
P 



(14) 



AUivA) = (2i + 1) V2kTT—^ / dpp 

L=k-l,k+l ^ 



MNyA-£x \ (L 1 k 




£ s i 

L 1 yfc 
,1 s j. 



, (15) 



where Pk are Legendre polynomials of degree k and A = 
\MNyA — £k\- In deriving Eq. (14) it is convenient to 
use the identity ^1-^™ = — {a • p) fl^m- 

The single nucleon wavefunctions (Eq. (13)) are solu- 
tions of the Dirac equation with scalar, S'jv(r), and vec- 
tor, VAr(r), mean-fields. In principle these fields should 
be calculated self-consistently in our (NJL) model frame- 
work by minimizing the total energy of the system, as 
was done in Refs. [11, 22] for nuclear matter. Instead 
we choose Woods-Saxon potentials for S'Ar(r) and VN{r). 
The depth parameter of each potential is set to the 
strength of the scalar or vector field obtained from an 
earlier self-consistent nuclear matter calculation, that is 
^0 = -194 MeV and Vq = 133 MeV [11] and we choose 
standard values for the range R = 1.2 fm and dif- 
fuseness a = 0.65 fm. The quantity Mn, which would 
automatically be determined by a self-consistent calcula- 
tion, is chosen such that the momentum sum rule for each 
nucleus is satisfied. Some results are listed in Table I. 

Given the radial wavefunctions, we can determine the 
mean values of the scalar and vector fields experienced 
by the nucleon in the state k, that is 

Mn. = J d^r MN{r) Mr), (16) 

Vn. = J d^r Mr) VN{r) Mr), (17) 
where MN{r) = Mn + SN{r). Using a local density ap- 



proximation in our effective quark theory, the scalar field 
felt by the quarks in the nucleon can be evaluated by de- 
termining the quark mass, Af^, that gives the appropriate 
nucleon mass, Mnk, b-s the solution of the quark-diquark 
equation. The vector field felt by the quarks is simply 
one-third of that felt by the nucleon (i.e. = Vnk/^)- 
These fields are used in the calculation of the quark dis- 
tributions in the bound nucleon. 

Therefore to complete our description of quark distri- 
butions in nuclei we require the medium modified quark 
distributions in the bound nucleon. We give only the 
briefest review of the model used to obtain these distri- 
butions and refer the reader to Refs. [11, 22. 23], where 
the formalism is explained in considerable detail. 

The nucleon is described by solving the relativistic Fad- 
deev equation including both scalar and axial- vector di- 
quark correlations in a confining Nambu Jona-Lasinio 
model framework. For this calculation wc utilize the 
static approximation for the quark exchange kernel [24] . 
The quark distributions in the nucleon are obtained from 
a Feynman diagram calculation, where we give the rele- 
vant diagrams in Fig. 1. Medium effects are included by 
introducing the scalar and vector mean-fields, obtained 
from Eqs. (16,17), into the quark propagators. Inclu- 
sion of the vector field leads to a density dependent shift 
in the Bjorken scaling variable. Fermi motion effects 
are included via convolution with the smearing functions 
(Eq. (14) or (15)) after introducing the scalar field, but 
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not repeat them. The new features presented in this 
paper are those associated with finite nuclei. In Table I 
we give values for M^r, Mjvk and Vnh obtained from the 
single particle shell model. These values are then used in 
Eq. (11) to calculate the nuclear quark distributions. 

The unpolarized EMC effect is defined as the ratio of 
the spin-averaged structure function, F2A , of a particular 
nucleus A divided by the naive expectation. That is 



Ra 



2A 



^2A 



pnaivc 
^2A 



Z F2p + {A - Z) F2n' 



(22) 



FIG. 1: Feynman diagrams representing the quark dis- 
tributions in tfie nucleon. The single line represents 
the quark propagator and the double line the diquark 
t-matrix. The shaded oval denotes the quark-diquark 
vertex function and the operator insertion has the form 

7+75 5 fx - 1^) 5 (1 ± Tz) for the spin-dependent distribu- where F2p is the free proton structure function and F2„ 

the free neutron structure function'^. In the limit of no 
Fermi motion and no medium effects of any kind, this ra- 
tio is unity. An equivalent EMC ratio can also be defined 
for the K = Q multipole. 

The polarized EMC effect is defined by an analogous 
ratio, which is the spin-dependent structure function for 
a particular nucleus with helicity H, divided by the naive 
expectation, that is 



tion, while 7 75 7 for the spin-independent case. 



before the shift required by the vector field. 

The vector field dependence of the quark distributions 
in the nucleon (with momentum and mean fields for 
the state n) is given by 



Aga,K(a;) 



P- 



f P- 



\Pn- 



yK 



(18) 



where p%_ = p_ — and Aqao^K is the quark distribu- 
tion without the vector field [22]. Here is the minus 
component of the vector field, = (Vb,0), acting on a 
quark. "'^ If we now define the auxiliary quantities 

E^=e^-VNn, MNK = MN-VNn: (19) 

it is easy to rewrite the (5-function in Eq. (12) to show 



M. 



Nk 



M 



N 



VA 



Vnk, 
M 



(20) 



where the function A/o,Km has the same form as Eq. (12), 
except for the replacements and Mmk- 

Substituting Eqs. (18,20) into Eq. (11) and performing 
an analogous calculation to that found in Appendix C of 
Ref. [22] we obtain 



A/, 



Nk 



Mn 
M 



■ XA 



Nk 



M 



(21) 



where the distribution, Ag^ ^, is given by the convolu- 
tion of A(7q,o,k and A/o.kt?x- An important feature of this 
approach is that the number and momentum sum rules 
are satisfied from the outset. 



III. RESULTS 



^As — 



JH 
9lA 
„JH 

y lA, naive 



JH 
9lA 



P^" 9lp + P,i" 9ln 



(23) 



Here gip and gin are the free nucleon structure functions 
and Ppi^) is the polarization of the protons (neutrons) in 
the nucleus with helicity H , defined by 



Pi" = {J,H\2S':\J,H), aeip,n). 



(24) 



where is the total spin operator for protons or neu- 
trons. From an experimental standpoint one should sim- 
ply use the best estimates of the polarization factors 
available in the literature. In this work we use the polar- 
ization factors obtained from the nonrelativistic limit of 
Eq. (24), which differ from the relativistic values calcu- 
lated within our model by less than 2%. If only a single 
valence nucleon or nucleon-hole contributes to the nu- 
clear polarization, then in the nonrelativistic limit the 
polarization factor is simply given by 



P. 



JH 



±- 



2H 

" 2£ + 1 ' 



(25) 



where £ is the orbital angular momentum and the ± refers 
to the cases J = £zL ^. 

The polarized EMC ratio can also be defined for the 
K — 1 multipole structure function and has the form 



R-As - 



(Jl) 
9lA 



-fp 9ip + -f" 5i 



(Jl) 



(26) 



The parameters for the quark-diquark model for the 
bound nucleon are discussed in Refs. [11, 23], so we will 



^ For the light-cone coordinates we use a± = -^i^-O i cs)- 



^ Experimental EMC ratios for N ^ Z nuclei are usually deter- 
mined with the deuteron structure function F2B in the denom- 
inator. In our mean field model we assume F20 — ^2p -|- p2n- 
We therefore anticipate deuteron binding corrections of a few 
percent to our EMC ratios for a; > 0.5, when comparing with 
experimental data. 



5 





Mn 




Vnk 






-1 


-2 


1 


-3 


-1 


-2 


1 


-3 




933 


811 


856 






89 


58 






"B 


931 


793 


829 






101 


76 








929 


785 


815 


815 




106 


86 


86 




27 Al 


930 


771 


794 


793 


820 


115 


101 


101 


82 



TABLE I: All quantities arc in MeV. The labels -1, -2, 1, 
—3 refer to the Dirac quantum number k, where |«;| = j + |. 



where Pa^^ is the reduced matrix element 



pyi) = (j|i25«i|j) 



(2J+l)(2J + 2) 



6J 



(27) 



Because the spin structure function gin is smaller than 
gip and remains poorly known, especially at large x, it 
is clear from Eqs. (23,26) that to determine the polar- 
ized EMC effect it is necessary to choose nuclei where 
^ \Pp\- There is also an upper limit on the mass 
number of nuclei that can be readily used to measure the 
polarized EMC effect, because for spin cross-sections the 
valence nucleons dominate and hence qia is suppressed 
by approximately 1/A relative to -F2A, where all nucleons 
contribute. 

The best candidates are nuclei with a single valence 
proton or proton-hole, for example the stable nuclei ^^B, 
^^N and ^^Al. Another good choice is '^Li, where the 
nuclear polarization is largely dominated by the valence 
proton. Extensive studies of ''Li, beginning in the 60's 
with the shell model [25], to modern state of the art 
Quantum Monte Carlo calculations [26] , consistently find 
Pp ~ 0.86 - 0.88. The Quantum Monte Carlo result for 
the neutron polarization is P„ ~ —0.04. 

First we discuss the nuclear quark distributions, fo- 
cusing on ^Li as its treatment is a little more involved 
compared with the other nuclei, because there are three 
valence nucleons coupled to J = 3/2 and T = 1/2. 
Using the = 3/2 shell model wavefunction found in 
Rcfs. [27, 28], when evaluating the spin- independent ana- 
logue of Eq. (11) for the w-quark distribution in ''Li we 
obtain 



3/2 3/2 



1 

+ 15 



l^ul%{XA) + 2Qdl%{XA) 
+ 2ul%{xA) + l()dl%(XA) 



1/2 



(28) 



where we have used charge symmetry to relate u„ 
The spin-dependent distribution has the form 



j,p. 



/^f'"^{xA) = ^ \l3Aul%{xA) + 2Adl%{xA) 



Similar expressions hold for the H = 1/2 and d-quark 
distributions. With this wavefunction the ^Li polariza- 
tion factors are P„'" = and P/^ = ^t%- For 

P o 15 ^ 3 15 

the other nuclei the situation is simpler as we make the 
approximation that the nuclear spin is carried solely by 
the valence proton-hole. 

In Figs. 2-5 we show the leading multipole quark distri- 
butions for ^^B, together with the next-to- leading K = 3 
multipole for the spin-dependent case, at the model scale 
of Q§ = 0.16 GeV^ [23]. The other nuclear quark distri- 
butions are similar, so we will not show them. The dot- 
ted line is the result without Fermi motion and medium 
effects, and is obtained from expressions like Eq. (11) 
by replacing each smearing function with a delta func- 
tion (multiplied by the polarization factor for the spin- 
dependent case) and using the free results for the u- and 
d-quark distributions in the nucleon. The dot-dashed 
line includes the effect of the scalar field, and the dashed 
curve also incorporates Fermi motion, which is the result 
after convolution with the appropriate nucleon distribu- 
tion (Eqs. (14,15)). The complete in-medium distribu- 
tion is given by the solid line and is the result obtained 
after also shifting the scaling variable using Eq. (21). 

For the spin-independent distributions all nucleons 
contribute. Therefore, in Figs. 2 and 3 we see that the u- 
and d-quark distributions are very similar. For the spin- 
dependent case (sec Fig. 4) only the valence proton-hole 
contributes. Hence the distributions resemble those of 
the proton. We find that higher multipole distributions 
are greatly suppressed relative to the leading results, see 
for example the K = 3 distribution in Fig. 5. The spin- 
independent K = 2 multipole is an order of magnitude 
smaller again and reflects the very weak helicity depen- 
dence of the structure functions. This weak helicity 
dependence arises because the spin-zero core is the dom- 
inant contribution to , and changes in H simply re- 
flect different spin orientations of the valence nucleon(s). 

The main features of the medium effects displayed in 
Figs. 2-4 are similar to those found in our earlier nuclear 
matter calculation [11]. The spin-independent distribu- 
tions are quenched at large x and enhanced for small x, 
whereas the spin-dependent distributions are quenched 
for all x. 

The nuclear spin sum, and axial coupling, 

contain information on both nuclear and quark effects 
and are simply given by 



9'a'' 



AuA+AdA = ^iPp + Pn), (30) 
AUA - AdA = QA {Pp - Pn) , (31) 



(29) 



where Aqa represents the first moment of Aqj(^ and S, 
gA are the medium modified nucleon quantities, defined 
by dividing out the non-relativistic isoscalar and isovec- 
tor polarization factors for H = J. We find that E and gA 
are both suppressed in-medium relative to the free values, 
as summarized Table IL This decrease of gA in- medium is 
in agreement with the well known nuclear /3-decay stud- 
ies which, after taking into account the nuclear structure 
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FIG. 2: The first spin-independent multipole (K=0) li-quark 
distribution in "B (at = Q\). 
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FIG. 3: The first spin-independent multipole (K=0) d-quark 
distribution in "B (at = Qo)- 
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FIG. 5: The second spin-dependent multipole (K=3) u- and 
d-quark distributions in ^^B (at — Qo). 





All 


Ad 


E 


9A 


V 


0.97 


-0.30 


0.67 


1.267 


^Li 


0.91 


-0.29 


0.62 


1.19 


"B 


0.88 


-0.28 


0.60 


1.16 




0.87 


-0.28 


0.59 


1.15 




0.87 


-0.28 


0.59 


1.15 


Nucl. Matter 


0.74 


-0.25 


0.49 


0.99 



TABLE II: Results for the first moment of the in-medium 
quark distributions in the bound proton and the resulting spin 
sum and nucleon axial charge. It is clear that the moments 
tend to decrease with increasing A. 



effects, require a quenching of qa to achieve agreement 
with empirical data.'^ 

In Figs. 6 - 9 we give results for the EMC and polarized 
EMC effect in ''Li, "B, and ^^Al at ^ SQeV^. 
The dashed line is the unpolarized EMC effect, the solid 



The required quenching factors can be seen, for example, by 
comparing the experimental and calculated Gamowr- Teller ma- 
trix elements given in Refs. [29, 30]. 



line is the K — 1 polarized EMC effect and the dotted 
line is the M ^ J polarized EMC result (c.f. Eqs. (26) 
and (23), respectively). For the unpolarized EMC effect 
the results agree very well with the experimental data 
taken from Ref. [31], where importantly we obtain the 
correct ^-dependence. 

Consistent with previous nuclear matter studies, we 
find that the polarized EMC effect is larger than the un- 
polarized case, with the exception of the multipole result 
for ''Li at a; > 0.6. Based on the wavefunction in Ref. [28] 
the neutrons give a small contribution to the polariza- 
tion. To test the dependence on the neutron polariza- 
tion we also coupled the two neutrons to spin-zero, so 

3 /2 3 /2 

that Pn = 0, which is closer to the Quantum Monte 
Carlo result of —0.04 [26]. We find that these results are 
very similar to those in Fig. 6. 

The unusual shape for the ^^N polarized EMC result is 
because our full result for g^^^ changes sign at a: ~ 0.8, 
and hence the ratio must go to zero at this point. The 
origin of this sign change is the nucleon pi/2 smearing 
function, which becomes positive for large i/a- This result 
suggests ^'"^N may not be a good candidate with which to 
study nucleon medium modifications. The ^^B and ^^Al 
results resemble those obtained for nuclear matter [11], 
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where we find a polarized EMC effect roughly twice that 
of the unpolarized case. 

IV. CONCLUSION 

Using a relativistic formalism, where the quarks in the 
bound nucleons respond to the nuclear environment, we 
calculated the quark distributions and structure func- 
tions of ''Li, ^-^B, ^^N and ^'^Al. For a spin- J target there 
are 2 J -f 1 independent quark distributions or structure 
functions in the Bjorken limit. For example, ^^Al there- 
fore has six structure functions, however we find that the 
higher multipoles are suppressed relative to the leading 
result by at least an order of magnitude. 

We were readily able to describe the EMC effect in 
these nuclei, and importantly obtained the correct A- 
dependence. Although we do not show the results, we 
also determined the EMC ratio for ^^c, i6q ^j^^^ 28gj 
and found results very similar to their A — 1 neighbours. 
In Eq. (23) we define the polarized EMC ratio in nu- 
clei. This ratio is such that in the extreme nonrelativis- 
tic limit, with no medium modifications, it is unity. The 



results for the polarized EMC effect in nuclei corroborate 
earlier nuclear matter [11, 32], light nuclei [33] and small 
X [28] studies that found large medium modifications to 
the spin structure function relative to the unpolarized 
case. In particular, we find that the fraction of the spin 
of the nucleon carried by the quarks is decreased in nuclei 
(see Table II). If this result is confirmed experimentally, 
it would give important insights into in-medium quark 
dynamics and help quantify the role of quark degrees of 
freedom in the nuclear environment. 
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